In critically ill patients, the lung is exposed to various aggressors. Mechanical stress resulting from mechanical ventilation (MV), systemic inflammation and bacteria are probably the main insults that the lung has to face. An accumulation of experimental evidence now supports the hypothesis that large tidal volumes (V T ) along with the absence of positive end-expiratory pressure promotes lung injury (i.e. ventilator-induced lung injury) [1] . The clinical relevance of ventilator-induced lung injury has been illustrated by studies showing that MV in the conditions listed above is an independent predictor of death in patients with established lung injury as well as in those at risk of injury [2, 3] . Sepsis, aspiration, haemorrhagic shock, major surgery and trauma are therefore high-risk conditions since they are likely to trigger an inflammatory response in the host. In addition, clinical and experimental findings support the theory that both insults could act synergistically and cause lung inflammation and injury [4] . The underlying mechanisms of the so-called ''two-hit'' paradigm have been investigated. The lung can be ''primed'' by mechanical stretch, which drives an increased inflammatory response to a second insult such as exposure to microbial agents or to systemic inflammation [5] . It has been experimentally demonstrated that pulmonary epithelial cells and alveolar macrophages subjected to a combination of cyclic stretch and cytokines such as tumour necrosis factor-a and interleukin-1b or bacterial molecules such as lipopolysaccharide (LPS) release substantially more inflammatory mediators than cells kept static [6] [7] [8] . Interestingly, cell stretch activates similar intracellular signalling pathways (NF-jB, MAPK) as those induced by proinflammatory cytokines [9] . Cooperation and synergism between transcriptional factors is currently thought to be the underlying molecular mechanism that causes the combined effect of the two insults [10] .
It has now been well established that microbial products are recognized by the innate immune system via patternrecognition receptors, essentially represented by the Toll-like receptor (TLR) family. TLR4, for example, is essential for LPS recognition by mammalian cells. Interestingly, alveolar macrophages from mechanically ventilated rabbits have been shown to be much more responsive to LPS than those from spontaneously breathing animals [11] , and to be associated with increased CD14 expression, enhancing LPS recognition by TLR4.
In this month's issue of Intensive Care Medicine, Villar et al. [12] present the results of an experimental study aimed at determining the impact of MV on lung inflammation in animals with previous abdominal sepsis and surgery, a classical ''two-hit'' model of ventilator-induced lung injury. A caecal ligation and puncture was performed in previously healthy rats. Surviving animals were then left breathing spontaneously or subjected to one of two distinct MV strategies, mimicking a clinically relevant scenario. The authors showed that a lung protective ventilation strategy (low V T with positive end-expiratory Intensive Care Med (2010) 36:909-911 DOI 10.1007/s00134-010-1804-x EDITORIAL pressure) reduced lung inflammation and damage. In contrast, an injurious MV strategy (high V T and zero endexpiratory pressure) caused substantial lung injury and increased inflammatory cytokine gene expression. Further experiments were conducted to investigate the underlying mechanism with a special emphasis on the TLR4 signalling pathway. An injurious MV was found to increase lung TLR4 expression and to reduce the expression of the ''antiinflammatory'' IjBa. The authors concluded that, compared with lung-protective ventilator settings, an injurious MV strategy promotes an inflammatory lung response and worsens tissue damage in a context of extrapulmonary sepsis. They suggested that TLR4 overexpression could account, at least in part, for the increased inflammatory response reported in animals receiving high tidal volumes.
These findings are in accordance with recently published reports. It has been shown, for example, that even a brief MV with low V T induces TLR2 and TLR4 gene expression in previously healthy animals, together with mild lung inflammation [13, 14] . It has also been reported that the genetic absence of TLR4 in mice decreases lung injury and especially PMN recruitment in a similar ''twohit'' model (high V T MV plus LPS challenge) [15] .
The study of Villar et al. together with these reports illustrate well that lung tissue ''primed'' by a first hit such as sepsis or endotoxaemia becomes hyperresponsive to MV, particularly if it is injurious. This in itself supports the use of a protective MV strategy in patients with primed lungs. In addition, the study of Villar et al. provides a hypothesis for an underlying molecular mechanism for MV-induced lung injury and a possible therapeutic target, TLR4. It remains unclear as to how the MV-induced TLR4 overexpression may induce lung injury. It could well be that increased TLR4 renders lungs more responsive to LPS or that they become sensitive to endogenous TLR4 ligands, the so-called ''alarmins''. Among the possible endogenous TLR4 ligands are heatshock proteins and the high mobility group box 1 (HMGB-1) [16] . From the work of Villar et al., no definite conclusions can be drawn about the relative role of lung over-distension induced by high V T versus the repeated opening and closing of alveolar airways resulting from the zero end-expiratory pressure in this group. Additional experiments are needed to explore this issue. Finally, the potential role of other TLRs, especially TLR2 should also be investigated given its relevance regarding lung immunity and inflammation, and the high prevalence of gram-positive pathogens in severe pneumonia.
The findings of Villar et al. add to the intriguing notion that ventilator settings could directly influence lung TLR expression and modulate TLR-dependent inflammatory pathways. The modulation of TLR pathways has been used as an experimental approach to decrease systemic inflammation and death, in caecal ligation and puncture and pneumonia models [17] . It is worth noting that the lack of TLR4 in mice with gram-negative pneumonia has been associated with a reduction in lung inflammation and injury, without impacting on bacterial clearance [18] . Similar findings have been reported in other sepsis models, but antibiotics were given to the infected animals [19] . Accordingly, the beneficial effect of TLRs should, however, not be overlooked. Bacterial recognition is necessary to initiate an efficient and prompt host response against bacterial pathogens. A complete TLR blockade should, therefore, not interfere with this critical step in the innate immune response to an infectious insult. Antibiotics should be administered simultaneously to keep bacterial growth in check. Importantly, TLRs have been shown to be important for lung healing and repair [20] . Altogether, these experimental observations suggest that tight regulation of the signalling pathway within the lung is required throughout the course of sepsis in an attempt to alleviate bacterial insult and tissue injury. MV can deeply alter this flimsy equilibrium by inducing inappropriate TLR expression. All these data add new insights into the underlying mechanisms by which MV promotes bacterial growth and injury within the lung [21] [22] [23] .
The findings of Villar et al. emphasize the extent to which a lung-protective MV strategy could protect the lung against the deleterious effects of an excessive inflammatory response associated with over-activation of the TLR4 pathway. Further improvements can be envisaged with the future development of therapies aimed at modulating TLR signalling pathways within the lung in a way that clearly favours the host, that is to say without compromising bacterial clearance and lung repair. These experimental observations also highlight the need for careful adjustment of ventilator settings in patients with a high risk of lung injury, and the importance of protective MV strategies in patients with systemic inflammation and supposedly ''normal'' lungs. 
